The combined actions of proteins in networks underlie all fundamental cellular functions. 24
Introduction 4 or recombination rate; and selection on genetic variation, factors dependent on specific 73 protein properties, such as the proportion and distribution of sites that are involved in a 74 specific functions, protein structure, expression level, and competition or adaptation (Pál et al. 75 2006) . Although there are clear examples to illustrate these individual factors, the factors 76 often do not act independently, making it hard to identify the relative importance of each 77 factor. In yeast, for instance, the functional importance of a protein influences the rate of 78 protein evolution (Wall et al. 2005; Drummond 2005 ; Hirsh & Fraser 2001), non-essential 79 genes evolve on average faster than essential genes (Wall et al. 2005) , and loci with more 80 protein-protein interactions evolve on average slower (Jordan et al. 2003) . Various studies 81 have shown that expression rates have the most prominent effect on the rate of protein 82 evolution (Wall et al. 2005; Drummond 2005) . 83
Although selection acts on the outcome of fundamental cellular processes, specifically 84 the phenotype, there are substantial differences in characteristics of proteins within a single 85 network. As a consequence, selection can act differently on different proteins in the same 86 network. For instance, proteins within a network can vary in the number and type of 87 interactions, the position within the network (e.g., central versus peripheral), and the overall 88 number of incorporated proteins in the network. Assessing the potential role of these factors, 89 especially with multi-species comparisons, is crucial for understanding protein network 90 evolution. Early comparative genomics studies, such as by Huynen et al. (Huynen et al. 91 1999) , indicate that protein networks, even those involved in fundamental biological 92 processes such as energy release by means of the citric-acid cycle, are characterized by 93 variation in the composition and presence of specific proteins. Protein networks can change 94 compositions by losing proteins or including novel proteins brought forward, for example 95 through duplication events through neo-or subfunctionalization (Evlampiev & Isambert 96 2008; . They can compensate for loss of proteins and new functions can evolve (Schüler 97 7 (www.yeastgenome.org), make fungi an excellent tool for comparative studies between 148 ecologically highly diverse, but also relatively closely related species. A vast increase of 149 available fungal genomic datasets, especially fueled by initiatives such as the Fungal Genome 150
Initiative (Rhind et al. 2011) , the FungiDB (Stajich et al. 2011 ) and the 1K fungal genomes 151 project (http://1000.fungalgenomes.org/home/; see also Sharma 2016) , took place in the last 152
five years prior to this study and provides the desirable scale of data to reach high 153 phylogenetic resolution. 154
Although the processes of cell polarity and morphogenesis have been studied 155 extensively in S. cerevisiae (Bi & Park 2012 been examined, which are characterized by variation in both network composition and 160 phenotypes (Diepeveen et al.) . Due to its fundamental function in cell proliferation, the 161 polarization protein network is hypothesized to be a conserved system (Chang & Peter 2003 ; 162 Pruyne et al. 2004 ). In fact, several members of the polarization protein network, such as 163
Cdc42, Cdc24 and Sec15, are found to be essential in S. cerevisiae (Liu et al. 2015) . 164
Interestingly, previously we showed that, under laboratory settings, the polarization network 165 in S. cerevisiae is able to adapt to genetic perturbations to one of the core proteins: Bem1, 166 which regulates Cdc42 (Laan et al. 2015) . It is unknown to what extent this represents 167 adaption under natural conditions. Thus, there is some information available on the 168 conservation and evolvability (i.e., the ability of a species to evolve adaptive diversity) of a 169 small number of individual polarization proteins, but a larger screen to quantify the 170 evolutionary conservation across large phylogenetic distances is currently lacking. 171 8 Here we take advantage of the (newly) available tools and data in order to untangle 172 patterns of protein network evolution with high phylogenetic resolution within a single, but 173 phenotypically diverse kingdom. We aim to elucidate lineage-specific, independently 174 recurrent and/or conserved patterns of protein network composition, and levels of protein 175 conservation (i.e., both the presence of the protein in a species and sequence conservation) 176 and divergence of 34 polarization loci among 200 closely related fungal species. We aim to 177 elucidate factors involved in evolution of this particular and fundamental protein network. 178
Material and Methods 179

Focal (non-)polarization protein list and selected strains and species 180
We selected 34 polarization proteins (see Supplementary File 1, Figure 1) based on described 181 physical or genetic interaction with the small GTPase, Cdc42, a key regulator of polarization 182 sequences from the SGD for Saccharomyces cerevisiae and used these sequences as reference 186 or input query in the subsequent analyses (described below). 187
We obtained the full proteomes of 407 available fungal strains and species from 188 was downloaded from UniProt (www.uniprot.org). To perform the phylogenetic and 192 reciprocal BLAST search analyses in an effective manner, we discarded strains and species 193 with low quality proteomic data. We ran in-house scripts to determine the 'optimum' number 194 of species that shared an 'optimum' number of communal proteins. In short, we calculated the 195 number of shared protiens across the range of the 407 initial strains and species. We selected 196 an 'optimum' of 200 strains and species (Supplementary File 1) for which we constructed the 197 final PDB based on their proteomes as described above. The 200 strains and species had 86 198 proteins in common (Supplementary File 1). Note that these 86 proteins do not include any of 199 the 34 polarization proteins. These protein sequences were used for the phylogenetic tree 200 construction. We also constructed a S. cerevisiae (S288c) specific PDB for the reciprocal 201 BLAST analysis. 202 203 10
Phylogenetic tree construction 204
We retrieved the amino acid sequence of the 86 shared proteins (combined length of 205 49484 aa in S. cerevisiae) for the 200 strains and species. Alignments were made for each of 206 the 86 proteins individually with Clustal Omega 1.2 (Sievers et al. 2011 ). The total length of 207 the full alignment was 158856 aa. We performed phylogenetic inference on a single 208 concatenated data file by means of the approximately maximum likelihood method as 209 implemented in FastTree (version 2.1.8; Price et al. 2009 ) with the JTT model of amino acid 210 evolution (Jones et al. 1992 ). The tree is mid-point rooted. The tree was visualized and edited 211 in FigTree v1.4.2 (http://tree.bio.ed.ac.uk/software/figtree/). We checked the obtained support 212 values and only reported them in the phylogeny, when they are < 0.9. 213
214
Polarization protein conservation matrix 215
We screened the final PDB (see above) for the presence of the 34 focal polarization 216 proteins through Reciprocal BLAST searches. We used the S. cerevisiae (strain ATCC 217 204508/S288c) amino acid sequence as input query. This was done to overcome 218 computational limitations with orthology prediction between the 200 species. Other tools, 219 such as DIAMOND (Buchfink et al. 2014 ) may ameliorate computational problems, but will 220 result in a loss of sensitivity which is required when examining such specific protein 221 networks. We performed local BLASTP searches without e-value constraints to be able to 222 find hits, even in highly diverged species. We took the associated protein sequence of all 223 obtained hits and performed local BLASTP searches again now against the S. cerevisiae-224 specific PDB, again without e-value constraints. We selected the hit with the best e-value in 225 the initial BLAST search and called the hit a 'true match' only if the same protein ID was 226 retrieved as the original S. cerevisiae query. If there was no match in protein ID between hit 227 and query, then we called it a 'no match'. For the 'true matches' we corrected the similarity 228 scores (i.e., the number of positive-scoring matches) of the best BLAST hit to the query 229 protein length of S. cerevisiae, thereby obtaining the fraction of similarity per hit. For the 'no-230 matches' we assigned a similarity score of 0. We generated a matrix of similarity scores by 231 combining all the obtained scores and organizing them according to the species order as 232 observed in our constructed phylogeny for each protein. These steps were performed with in-233 house python scripts. The generated data matrix was displayed as gray-scale matrix in R 234 version 3.1.2 (R Core Team 2014). 235
We constructed a separate protein matrix for the group of 36 strains/species with high 236 genome quality (i.e., for which the number of chromosomes is known and the number of 237 scaffolds (roughly) equals the number of chromosomes; Supplementary File 1). For these 238 species high quality genomes are available and therefore, overall genome quality should not 239 affect our obtained results by means of incomplete genome sequences, and thus the possibility 240 of absent protein sequences. 241
To determine if there was a group of proteins systematically present in a high number 242
of species, we plotted the overall prevalence (%) across the 200 strains/species for each 243 protein. We also plotted the overall prevalence of the two main fungal lineages 244
Basidiomycota and Ascomycota separately in order to make sure that the proteins were 245 present in high prevalence in both major clades. We used a 70% cut-off value in both clades 246 as criteria for high prevalence and call the proteins that meet these criteria the conserved core 247 of polarization proteins. We based this cut-off value on the observation that there is a gap in 248 prevalence between 45% and 70% for the full dataset of 200 strains/species, dividing proteins 249 into two groups. We also plotted the difference in prevalence between the Ascomycota and 250 the Basidiomycota, to depict proteins that are particularly prevalent in either group. 251
252
Statistical analyses 253
We tested for a potential correlation between our obtained pattern of matches (i.e., the total 254 number of 'true matches' per strain/species) and genome quality for which we used two 255 assembly statistics. We obtained the number of contigs and N50 of contigs (i.e., length of 256 contigs constituting 50% of the bases in the assembly), the number of scaffolds and the 257 associated N50 for each of the genomes of the 200 selected strains/species from the European 258 normality tests as implemented in GraphPad Prism. We also included the prevalence in the 283 analyses. We performed, a Kruskal-Wallis test (for interactions) and a Mann Whitney tests 284 (for prevalence and protein abundance) with GraphPad Prism. 285 286
Multiple Factor Analysis 287
Because we expected multiple continuous and categorical variables to potentially co-vary and 288 correlate with the observed number of proteins, we performed Multiple Factor Analysis 289 (MFA) on a dataset of the 200 strains/species. We included the following variables: proteins 290 (i.e., the total numbers of proteins as observed in the full protein matrix), genome quality (i.e., 291 the number of Contigs and N50 of Contigs), Lineage (i.e., the main retrieved phylogenetic 292 clades:
Microsporidia, Cryptomycota, Wallemiomycetes, Pucciniomycotina, 293
Ustilaginomycotina, Agaricomycotina, Taphrinomycotina, Saccharomycotina (clades 1 and 2, 294 as defined above), Pezizomycotina), genetic distance (in respect to the reference S. 295 cerevisiae), and lifestyle (i.e., unicellular, yeast, filamentous, dimorphic yeast-filamentous, 296 dimorphic yeast-pseudohyphal, and trimorphic). We calculated the genetic distance between 297 the examined strains/species and the reference. We used the concatenated amino acid 298 sequences of the 86 proteins from the phylogenetic analyses (158854 aa; see above) and 299 genetic distance, genome quality (i.e., 2 variables) and proteins, and two qualitative groups; 307 lifestyle and lineage. Continuous variables were scaled and standard settings were used. We 308 first checked the eigenvalues for the first ten dimensions to determine the appropriate number 309 of dimensions to consider. In particular we checked for a drop in decline in variance (i.e., 310 broken stick method; Jackson 1993). Length and directions of continuous variables were 311 plotted onto the first two dimensions and were visually checked. Partial axes for the fist first 312 three dimensions were visually checked. The five groups were plotted onto the first two 313 dimensions. We plotted individuals onto the first two dimensions and color-coded them 314 according to lineage. 315
316
Results 317
Phylogeny of 200 fungal strains/species is highly supported 318
In order to examine protein network evolution of fungal polarity establishment, we first 319 estimated the phylogenetic relationship for our focal species. We inferred the phylogeny by 320 means of the approximately maximum likelihood method on 86 homologous non-polarization 321 proteins that these 200 strains/species have in common (see methods for details; total 322 alignment length: 158,856 amino acids (aa; Figure 2) ). Our phylogenetic tree is well-resolved 323 and highly-supported and includes four main monophyletic phyla: the club fungi and relatives 324 (Basidiomycota); sac fungi (Ascomycota); and the two basal phyla Cryptomycota and 325
Microsporidia. Within the Basidiomycota, we found 100% support for the monophyletic 326 
Genome incompleteness has little impact on the protein matrix 339
We constructed a protein matrix consisting of the 34 polarization proteins and 200 340 strains/species based on our reciprocal BLAST approach (see methods for details). This way 341 we can both determine the presence of a protein in the examined strains/species and, when 342 present, the level of sequence similarity in respect to S. cerevisiae. 343
Our approach resulted in a detailed protein matrix indicating the presence, level of 344 divergence in respect to S. cerevisiae, and absence of the 34 polarization proteins in the 345 examined strains/species (Figure 2 ). To determine if the quality of the genomic resources had 346 an effect on the obtained results, we tested if there was a correlation between the total number 347 of contigs, the N50 of contigs (i.e., length of contigs constituting 50% of the bases in the 348 assembly) and the total number of proteins we obtained per strain/species. We observed that x 10 -4 ), and the contig N50 (R = 0.32, P-value < 1.0 x 10 -4 ; Figure 3 ). Thus, we potentially 357 have cases of false negatives, or mismatches, in our protein matrix. In order to examine this 358 pattern in more detail and to diminish the potential effect of missing proteins on our 359 reciprocal BLAST analysis, we selected 36 strains/species with the most complete genomes 360 (i.e., the number of scaffolds roughly equals the number of chromosomes) and constructed a 361 reduced matrix ( Figure 4 ). We then compared the overall number of observed proteins in the 362 full matrix with the reduced matrix for all members of four lineages: Microsporidia, two 363
Saccharomycotina clades, and the Pezizomycotina (Supplementary File 2). We did not 364 observe significant differences in the number of proteins between the complete matrix and the 365 reduced matrix (P-value > 0.05 for Microsporidia, Saccharomycotina I, Saccharomycotina II, 366
Pezizomycotina), indicating that the potential effect of missing data in our full matrix is, if 367 any, minimal. Next, we examine the reduced matrix for patterns of protein conservation and 368 divergence and compare them to the original matrix in order to test their generality. 369
370
The polarization protein network is dynamic and has a conserved core 371
To examine the fungal polarization network for patterns of protein network evolution, we 372 screened the protein matrices for variation in protein prevalence (i.e., the overall number of 373 species a protein is present in), levels of protein divergence and the repertoire of proteins (i.e., 374 the composition of polarization network per species). We observed variation in the 375 polarization network at different levels and magnitudes. We observed great variation at the 376 level of amino acid similarity between different proteins, across different strains/species and 377 between different lineages (Figure 4, Figure 2 ). For instance, Cdc42 is present with high 378 levels of similarity in all species except in the Microsporidia, where it is not present in any of 379 the examined species. Cla4, Ste20 and Cdc24 are found throughout the phylogeny as well, but 380 their similarity scores vary greatly across species. These patterns were observed both in full 381 and reduced matrices. 382
Next we examined the variability of the composition of the polarization protein 383 repertoire between strains/species. We assessed the overall number of different protein 384 combinations and the total number of unique repertoires across the reduced matrix (36 385 strains/species) and the full matrix (200 strains/species). We observed nearly identical 386 fractions for the total number of different protein repertoires for the two matrices (i.e., 28/36 387 and 155/200). This indicates that the composition of repertoire is highly variable, with many 388 different observed combinations of proteins. For both matrices the overall fraction of unique 389 repertoires (i.e., protein repertoires observed in a single species) was also very similar, 0.64 390 (reduced matrix) and 0.67 (full matrix). We thus find that the majority of species are 391 characterized by a unique set of polarization proteins not found in other species. Interestingly, 392
we observed several specific combinations multiple times. For instance, we observed the 393 same pattern for all 7 Microsporidia species (Iqg1 and Ubi4). We observed most cases of 394 repeated repertoires in the species-rich and well-covered lineages Pezizomycotina (113 395 species in the full matrix) and Saccharomycotina lineages (20 species in the reduced matrix) 396
( Supplementary File 3) . These combinations include prevalent and functionally diverse 397 proteins such as Rdi1, Bem1/2/3, Bni1, Axl2, Cla4, Ste20, Sec3/4/15, and Msb1/3. 398
To examine the overall prevalence of each protein across the 200 strains/species in 399 more detail, we screened the full matrix ( Figure 5 ). We observed 23 proteins that were present 400 in ≥ 70% of all examined species (e.g., Iqg1), seven proteins are more commonly found in the 401
Basidiomycota (e.g., Bem2), and four proteins restricted to the Ascomycota (e.g., the paralogs 402
Msb3, Gic1 and Gic2). Most proteins are highest prevalent in the Ascomycota (Figure 5 top 403 panel). We observed a perceived threshold at ~60% prevalence for proteins across all species 404 examined that clearly divided the dataset ( Figure 5 ). We found 11 proteins that are present in 405 less than 45% of the 200 strains/species, while the other 23 proteins are present in at least 406 70%. We used this 70% mark as cut-off value to determine conserved proteins (i.e., based on 407 prevalence) in both Ascomycota and Basidiomycota, individually. Using this, we excluded 408 those proteins that are more or less Ascomycota-specific, such as Nrp1. We observed the 409 following 16 proteins in high prevalence in both Ascomycota and Basidiomycota: Cla4, Axl2, 410
Rho3, Boi2, Ste20, Sec4, Bni1, Bem3, Spa2, Cdc24, Sec15, Ubi4, Bem1, Cdc42, Rdi1 and 411
Iqg1. We called these proteins the conserved core of polarization across fungi. We found this 412 full repertoire of core proteins in 66 out of 200 strains/species and >95% of all strains/species 413 had a protein network consisting of 12 or more core proteins ( Supplementary File 3) . 414
415
Core proteins have higher protein abundance but not more interactions. 416
As we observed a group of proteins at high prevalence across clades, we tested if there is a 417 correlation between this conserved core of proteins and factors known to influence protein 418 (network) evolution, such as number of protein-protein interactions and expression levels. We 419 thus tested the following hypothesis: core proteins are conserved because they are either 420 functionally important and/or because they are present in high quantity. 421
Core proteins had higher prevalence than non-core proteins ( Figure 6A ). We found no 422 significant difference in the number of either genetic or physical interactions (based on 423 observations in S. cerevisiae) between the core proteins and the non-core proteins (Figure  424 6B). We did find a barely significant difference in protein abundance (as measured as 425 molecules per cell in S. cerevisiae; Kulak et al. 2014 ) between the core proteins and non-core 426 proteins (p=0.03; Figure 6B ). Core proteins have higher protein abundance than non-core 427 proteins. 428 429 Lineage, lifestyle and genetic distance co-vary with protein network size 430
In order to characterize the 200 strains/species by different factors that could influence protein 431 network evolution and in specific could correlate with the observed patterns of differences in 432 overall number of polarization proteins, we performed Multiple Factor Analysis. We 433 considered the following factors: size of protein repertoire (i.e., the total number of proteins 434
we detected with the Reciprocal BLAST search per strain/species), lifestyle, lineage, genome 435 quality (i.e., the number of contigs and the N50) and genetic distance to the reference S. 436 cerevisiae, based on 86 shared proteins. 437
To determine the adequate number of dimensions to screen, we used the broken stick 438 method (Jackson 1993) . We found a drop in variance after the third dimension 439
( Supplementary File 4) , therefore we only considered the first three dimensions. Dimension 1 440 is constructed based on four groups: lineage (contribution is 27.44%), lifestyle (24.72%), 441 20 genetic distance (23.39%) and proteins (23.23%). Dimension 2 and 3 are both based on 442 lineage (44.16%; 50.61%) and lifestyle (43.87%; 46.31%). Together these three dimensions 443 accounted for 40.70% of the variance in the data. Dimension 1 explained 20.28%, dimension 444 2 12.37% and dimension 3 8.06% ( Figure 7D ). We did not find a substantial (>0.5) 445
contribution of genome quality, indicating that the number of contigs and/or N50 of contigs 446 did not explain the variation in the protein repertoire and other examined factors. 447
Supplementary File 4B shows that lifestyle and lineage vary together and that they vary 448 together with protein repertoire and genetic distance. Supplementary Files 4C & 4D indicate 449 that protein repertoire and genetic distance only correlate with dimension 1, while lineage and 450 lifestyle also correlate with dimensions 2 and 3. 451
We plotted the 200 strains/species onto the first two dimensions to visually examine if 452 they cluster to specific patterns based on e.g., morphology or descent ( Figure 7A ). As four 453 factors mainly contributed to the axes, various patterns were observed. Overall, prevalence 454 (proteins) declined horizontally (from left to right), with an increase in genetic distance. We observed similar patterns when we examined these factors individually versus the protein 468 repertoire ( Figure 7E-G) . Our results suggest that the Basidiomycota and the filamentous 469
Ascomycotan species have a smaller repertoire than the yeast-like Ascomycota, and that the 470 two basal lineages have an even smaller repertoire ( Figure 7E ). Lastly, we did observe a 471 pattern of decreasing number of polarization proteins with greater genetic distance to our 472 reference S. cerevisiae ( Figure 7G) . 473
Discussion 474
Here we assess evolution of the fungal polarization network at high phylogenetic resolution to 475 examine patterns of lineage-specific, independently recurrent and/or conserved patterns of 476 protein network composition along with levels of protein divergence. We observe that the 477 fungal polarization protein network is characterized by both strong protein conservation and 478 variation in protein prevalence and sequence similarity. Our results indicate that while certain 479 proteins are nearly always needed potentially for specific functions (i.e., functional 480 conservation), various other functional steps seem to be fulfilled by a variable repertoire, 481
indicating flexibility in the network composition. Below, we discus these observations in 482 context of protein network dynamics, functionality of the protein network, and potential 483 causal factors of protein network evolution. 484
485
The fungal polarization network is highly variable at lineage-specific levels 486
It is clear that protein network evolution has a variety of outcomes, such as network protein function or structure and drift (Pál et al. 2006 ). We found that most proteins of the 490 polarization network have high levels of divergence in amino acid sequence across fungi and 491 that the specific build up of the protein repertoire per strains/species is highly variable. We 492 find both variation at large phylogenetic distances, such as between subphyla, and between 493 strains/species of the same clade. This indicates that, although the polarization network is 494 involved in fundamental cellular functions across organisms, the network, as we know that in To what extent does this high variability of the protein network affect functionality? 515
As functional studies are not available for the majority of examined species, we made use of 516 the functional classification of proteins of S. cerevisiae (see Figure 1 ). We found that over 517 90% of examined strains/species have at least one protein present from all nine defined 518 functional groups. This could imply that the overall functional pathway of polarity 519 establishment, by means of the regulation of Cdc42, is similar across the fungal tree. 520
Exceptions to this overall pattern of consensus are observed throughout the tree (e.g., 521
Microsporidia, Penicillium rubens, Suillus luteus, Serpula lacrymans, lacking e.g., Cdc42 522 effectors and/or GEF proteins). Further functional exploration of protein networks in 523 additional non-model species is needed to determine the level of orthology of these networks. 524 525 Variation in polarization network; from stark reductions to lineage-specific additions 526
We found high levels of lineage-specific patterns, of which various patterns coinciding with 527 monophyletic clades. For instance, Msb3 and Axl2 are individually lost in various 528
Pezizomycotina clades (Figure 2) . The protein matrix also showed very similar patterns for 529 the four Taphrinomycotina species, which are quite dissimilar from the other Ascomycota 530 clades. These species have very distinct ecologies, as they are the only fission yeast species. 531
We do observe further cases of lineage-specific patterns in clades with distinct ecologies. 532
We found that nearly all examined polarization proteins were absent in the 533 Microsporidia (Figure 2) , including most of the conserved core. The only proteins that we 534 observed are Iqg1 and Ubi4. Interestingly, we did not observe this pattern in the other basal 535 phylum, the Cryptomycota. We believe that our observation is a true lineage-specific loss in 536 the Microsporidia, as the majority of the polarization proteins (29 out of 34 proteins) are 537 found in non-fungal eukaryotes, such as animals, amoeba and/or plants (see Supplementary  538 File 5). The genomes of the parasitic Microsporidia are known to be highly condensed and 539 lack other essential proteins, such as MAP kinases and proteins involved in stress response 540 The conserved core of polarization; functional versus structural conservation 555
We observe a group of sixteen core proteins that are recurrently present in the vast majority of 556 examined species ( Figure 5) . Interestingly, the 16 core proteins cover all functional groups 557 from Cdc42 regulators and effectors to proteins involved in cytokinesis and exocytosis 558 ( Figure 1) . Even though this group consists of the most prevalent polarization proteins, it does 559 not represent the absolute minimal system needed for polarization. In fact, the majority of 560 species does not have the full set of core proteins (i.e., the complete core is present in 66 out 561 of the 200 strains/species), which can be seen as another indicator of high uniqueness of 562 structural constitution of the polarization network across fungi. Different strains/species might 563 achieve functional conservation of the core functions of the network by having different 564 combinations of core proteins. In fact, we observed 12 or more core proteins (i.e., 75%) in 565 191 strains/species (i.e., 95,5%). These results suggest that functional conservation of the 566 polarization network is high, but that structural conservation, in the sense of network 567 composition, of the individual proteins varies across the fungal strains/species. 568
Various protein characteristics have been elucidated that are (in part) responsible for 569 protein network conservation, such as position within the network, whether the proteins are 570 essential and the number of interactions (Liu et al. 2015; Giaever et al. 2002) . We observed 571 high proportions of essential proteins (6 out of 7 essential proteins are core proteins) and short 572 26 single domain proteins (5 out of 10) for the core proteins ( Figure 2) . Selection is thought to be 573 strong on these classes of proteins, because of their crucial functions and long protein 574 domains (Pál et al. 2006; Buljan & Bateman 2009 ). These functional characteristics are based 575 on studies in S. cerevisiae and could be less relevant in other species. We did not find 576 significant differences in the number of genetic and physical interactions between the 577 conserved core proteins and the non-core proteins. Interestingly, Cdc42, Bem1, Cdc24 and 578
Cla4 were among the conserved core and have the most interactions with the other proteins. 579
These proteins also take central parts in the polarization network, as key regulator (Cdc42; with < 70% prevalence in all strains/species (light grey; left), proteins with prevalence 707 > 70%, but prevalence in the Basidiomycota is not in all cases >70% (grey; center), 708 proteins with >70% prevalence in all examined groups (i.e., core proteins; dark grey; 709 right). Core proteins in the middle group are marked by an asterisk (*). Difference in 710 prevalence between the Ascomycota and Basidiomycota is presented in the top panel 711 (pink diamonds). 712 between the two groups. Core proteins have higher protein abundance (P-value = 719 0.03). Note that data for Gic1 (non-core) and Ubi4 (core) was unavailable. Core 720 proteins are depicted as circles, while non-core proteins are depicted as squares. Grey 721 lines depict medians. 722 Rdi1 
